Background: The near-universal prevalence of electronic health records (EHRs) has made the
| INTRODUCTION
Rising health care costs in the United States (US) have created a national interest in high-value care and methods to reduce wasteful practices. 1 Finding solutions for improving appropriate utilization of medical resources often focuses on modifying provider behavior. 2 With the near-universal prevalence of electronic health records (EHRs) in this country, the utilization of clinical decision support systems (CDSS), combined with specific clinical guidelines for appropriate laboratory testing, 3 can be used as an integral strategy for improving the value of laboratory ordering. 4 The CDSS can be considered intrusive or nonintrusive in the context of the EHR platform for provider ordering. Examples of intrusive CDSS include pop-up windows requiring active acknowledgement of browsing messages and "hard stops" to ordering practices. An example of a nonintrusive CDSS is text information accompanying orders without an active requirement for provider acknowledgement. Intrusive CDSS are more expensive to create and often lead to provider alert fatigue and dissatisfaction. [5] [6] [7] [8] Provider surveys show that intrusive CDSS are preferred for alerts such as drug interactions while nonintrusive CDSS are preferred for less urgent information. 9 Nonintrusive CDSS, therefore, could be a practical method to reduce laboratory utilization.
Prior studies have addressed the use of CDSS on laboratory ordering practices in the outpatient setting, [10] [11] [12] 
| Intervention
The hospital system consisted of over 1000 acute-care inpatient beds 
| Statistical analysis
Patient demographic information including admission diagnosis was collected for the same number of months before and after each intervention. Chi-square analyses were performed to identify differences in age, gender, race, and admission diagnosis between the preintervention and postintervention group for each time intervention.
The admission diagnoses of gastrointestinal bleeding, haemorrhage, anaemia, and liver disease were chosen as ICD-9/10 categories likely to affect the frequency of folate, HCV, and T&S orders.
An interrupted time-series (ITS) analysis was performed using SAS software v9.4 (SAS Institute Inc, Cary, North Carolina) with the autoregressive procedure. As noted in the equation below, the ITS model measured both a level change at the time of the intervention as well as a change in slope after the intervention while controlling for any pre-existing baseline trend. The T&S orders were presented as a rate of orders per patient day per month given the nature of the test often requiring repeating orders on the same patient throughout the same hospitalization. For all three laboratory tests, the estimates of the coefficients ß 1 , ß 3 , and ß 2 were reported in the results in that order.
| RESULTS
The demographic information for all admissions to medicine floors in the hospital was stratified by intervention period for each separate laboratory test (Table 1 ). There were no significant differences in age, gender, race, or admission diagnoses for any of the tests before or after the intervention. Abbreviations: HCV, Hepatitis C virus; T&S, type and screens. Prior work has shown that noninterruptive notifications do not increase the appropriate utilization of baseline laboratory testing. 12 Because we did not evaluate the appropriateness of individual patients' orders, whether the pre-existing trends in reduction of folate and T&S orders specifically represented a reduction in unnecessary testing was outside of the scope of our analysis. The specific laboratory tests in this study were targeted at our institution, but nonintrusive messaging can continue educational efforts regarding the appropriate ordering of other tests as long as a clear message is displayed. In fact, targeting laboratory tests that have high volume and show no pre-existing decreasing trends would be important.
Our study has several limitations that need to be noted. First, this
was not a randomized control trial, and practicing patterns of resident physicians may change as a result of their experience in the academic
year. An ITS analysis as well as analysis of demographic data before and after the intervention helped to account for the pre-existing trends in the ordering rate of the studied laboratory tests. Second, the main intervention of the study was accompanied by an educational lecture at the Department of Medicine noon conference and an educational guide for appropriate laboratory test ordering available to all house staff. These initiatives were promoted by the Department of Medicine
High-Value Care Committee with the goal of promoting a culture of high-value care and education. Perhaps these initiatives can partly explain the pre-existing decrease in the rate of folate and T&S ordering that was seen in the analysis. Third, our academic centre converted EHR platforms on July 1, 2016, which unfortunately truncated our data collection but only for the T&S results.
Future efforts to deliver high-value care will need to find innovative methods for impacting the use of laboratory tests in large hospital systems. Our findings suggest that nonintrusive CDSS consisting of text accompanying EHR laboratory orders do not have significant impact on laboratory test utilization. More work at different hospital centres will need to be done in order to find more effective means of influencing ordering practices.
